Abstract. Dual-drive gantry systems are commonly used in many industrial applications. However, as few papers are available in the literature, this kind of system is difficult to broach. Based on an energetic approach so-called Energetic Macroscopic Representation (EMR), this paper presents a graphical modelling based on lumped-parameters. The initial drive is decomposed into a set of decoupled fictitious systems using a mathematical transformation. Since the modelling respects the integral causality, inversion-based controls are thus deduced. More generally, this approach proposes a way to analyze and deduce models and controls of multi-drive mechatronic systems.
Introduction
Dual-drive gantry systems take a particular place in some industrial applications such as printed circuit board assembly, visual inspection or large cranes. Two parallels axes move a beam in the x direction. Each axis is equipped with a rotating motor plus a ball-screw system. For high dynamics applications, linear motors are also used. Since it can have a synchronization error, i.e. the two axes can have different positions, the joints between parallel axes and the beam are elastic [1, 2] . A moving head slides along the beam (y direction) and can also move along the z direction. Fig. 1 depicts the structure of a dual-drive gantry system. For a symmetrical gantry system and neglecting the beam inertia, the system is equivalent to two identical equivalent masses (m eq1 =m eq2 =m eq ) sliding respectively along axis x 1 and x 2 with identical friction coefficients f1 and f2. The joints between the beam and the motors are modelled by a spring with a stiffness k and a damping factor µ (See Fig.2) .
Control of this kind of system, which possesses two motors mechanically coupled, has not received so many attention during the last years. In the case of symmetrical systems, i.e. when the parameters of the two axes are identical, some authors propose to consider only one half of the system [3] . This kind of control has been often used in the past. But, because of the increasing velocity in such gantry systems, the coupling effect has a very negative effect on high dynamics systems. For this reason, other papers develop skew compensators to decouple the two axes. Each axis is modelled has a rigid body system and the mechanical coupling is considered to be a disturbance [4] [5] [6] [7] .
Based on an energetic approach, this paper deals with modelling and control which lead to efficient positioning controls.
Energetic based modelling and control
Modelling. Under assumptions of motionless moving head and symmetrical system, the considered dual-drive gantry is a two-degree of freedom system and can be represented by Eq.1 [8] . The system modelled by equation (1) is described using Energetic Macroscopic Representation (EMR, see Appendix). This graphical tool highlights coupling devices, which distribute energy [9] .
The EMR model is given in Fig.3 . The two drives (motor + inverter + torque control) are modelled by perfect Mechanical Sources (MS1 and MS2, green oval pictograms). Each accumulation (kinetic or potential) or dissipation (friction or damping) of energy is represented by an orange rectangle. It is very important to note that each effect is related to its cause with respect to an integral causality. Moreover all elements are connected according to the action and reaction principle. The exchange of power is given by the product between action and reaction variables.
Variables present in the EMR are presented in the introduction, others are the following: - 
Inversion-based control
Since the model of the system respects the integral causality, the structure of control can be deduced by using inversion rules [10] . Two simple rules have to be known: -if there in no energy accumulation, control can be done without using a controller (direct inversion) -in case of energy accumulation, control has to be achieved with a closed-loop controller C (indirect inversion). In a first time, all variables are assumed to be measurable. Blue pictograms in Fig.3 depict the inversion based control scheme of the system modelled by EMR. This control structure shows that two controllers are required and a force perturbation F r must be measured. As this measurement is quite impossible, an observer can be used.
Decoupling modelling and control
Decoupling modelling. Due to the mechanical coupling, an accurate positioning control needs a special attention. Using a decoupling modelling, a simple and accurate positioning control can be achieved. This technique has been already used for magnetically coupled systems [11] .
Using an orthonormal power -invariant decoupling transformation T, which transforms real variables (q 1 , q 2 ) into fictitious decoupled variables (q d1 , q d2 ): and the other the elastic mechanical coupling mode. It has to be noticed that in a lot of cases, symmetrical dual drive systems are only modelled taking into account the rigid body motion, i.e. the mechanical coupling is neglected. If the decoupling control needs the same number of controllers, there are tuned differently according to the specific dynamic of the considered subsystem.
Practical implementation
It is obvious that all variables can not be measured. The maximal control structure is then transformed into a practical structure depending on the number of desired or possible sensors. Such a control structure, based on cascaded loops and simple controllers, is very used in many industrial applications.
Fig5 shows simulations results obtained using a classical industrial control, i.e. two independent speed controls without disturbance observer as described in section "Energetic based modelling and control". The two speed controllers are PI type and tuned according to the mechanical time constant of each axis (m eq /f). Since the system is symmetric, the two controllers are identical. If speed references are identical, after a transient state the tracking error is null. However, in a case of different speed references that makes it possible to achieve a fine positioning of the head, PI controllers have many difficulties to compensate the disturbance force and the overall performances of the system are poor.
Using the proposed decoupling control, v d1 speed controller is tuned in the same way as the industrial control. However, v d2 controller is tuned according to the mechanical time constant of the second fictitious system which is lower than the first one (m eq /(f+2µ)). As a result, Fig.6 shows that the tracking error is far better since the two controlled fictitious systems are totally independent. The global dynamics and consequently the overall performance of the system are then largely improved. 
Conclusion
This paper presents a way to model dual-drive gantry systems according to the energies flowing into the system. Since this technique highlights the couplings present into the system, it helps to analyze or deduce models and controls in a systematic way. A decoupling transformation is used to shift the mechanical coupling between to two motors into another mathematical coupling easier to take into account in the control design. The initial two-degree of freedom system is proved to be equivalent as a set of two independent fictitious one-degree of freedom systems. The overall performance of the decoupling control is then proved to be superior to the industrial control. Since industrial systems can not be symmetrical, the decoupling transformation has to be adapted to the parameters of the system. These works, which are in progress, will be published in future papers.
